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ABSTRACT : This study investigated the changes of antioxidant activity and a-glucosidase inhibitory effect of Jerusalem
artichoke (Helianthus tuberosus) 100% methanol extracts by various heat treatment. The contents of total phenolic and fla-
vonoid compounds in methanol extract tended to increased gradually with the rise of temperature to 180°C. The maximum
yield of gallic acid (51.52 £2.17 mg/g extract weight) and quercetin (13.39 + 0.03 mg/g extract weight) were obtained with
extraction temperature of 180 C for 120min. In addition, the improving extraction efficiency resulted in the increased bio-
logical activities, such as electronic donation ability (EDA, 90.36 + 0.57%), reducing power (Abs 1.14) and a-glucosidase
inhibitory effect (92.14 + 1.14%). Overall, the results of this study indicate that the optimum conditions for the extraction
process were an extraction temperature at 180 °C for 120 min, and will provide the basis for future research on the improv-
ing extraction yield of phenolic and flavonoid compounds.
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M A AH o doubA] gol wAshes AWl TS oA
o 2ZH I8 (hyperglycemia) ¥RF olUel mAES
AA) FE AFaAEY ddEd8s 9 AWdiaat (hyperlipidemia), #1Q1& ¥ % (hyperinulinemia) —_ii,% A=y
SR ARREE 7] 2]Eo] zhs bk FFE A% (hypertension), 73} (atherosclerosis) T 72 e
122 7158 do] 2ol A Sl gk #ile] Sy BEel fds e F8% VseR 75 ‘?:LZ ATH
HaL gloy AEAY 4 9 A ES o]8dl Tkt s (Kim et al, 2008a). ©]=]3F E=HS X5317] H8] AFx
23 21FEo] At = ZAE T Urh (Hong ef al., 2008). ©] A, 2olawl 9l<&@, sulfonnyl uread] Z¥]X biguanideX] 2}F
H3k 7154 AEFS felede F3) sE, e g9, @ 7{;% ]u—/“ﬂﬂ' X]U} Aol 7(4011]}\1 e a94E 7
T % SY&EHES A, vk Y ‘:]'O]OJE““”} o]} g e AAES o83 AER i Ao] Jide] o
Ao, W, =3} oA o AT WAL o He Aol (Cho et al., 2007a).
o} (Kim et al, 2004) Z Uad 71edel itk g4 AR (Helianthus tuberosus Ly= =3} sjufelr]4e
2 A WollX DNA &4, oF #48, =3} 5 sk dH 9 Folu|Z)717h A1 T 2lE R Evete] 7]$z271d
Al FEA o] e FEATI ok S48 Ao R grol M= ZpAle] ekl k. SRR 7 AR
A AANE Roshk=s Ta%h 9z F5 Wy It} (Park et fructose S HA| (fructose EAMEC] B I1ATO = A4)2d
al., 2009b). T3+ A FAL A Erge] I FHo| inulin®]™ (Jhon and Kim, 1988), ol SIXZ=#F I3 &

*Corresponding author: (Phone) 4+82-33-250-6413, (E-mail) kimmjo@kangwon.ac.kr
#Hyeon Ju Jeong and Ju Sung Kim are contributed equally to this work.
Received 2011 July 8/ 1st Revised 2011 August 16 / 2nd Revised 2011 August 18 / Accepted 2011 August 19

257



HetE - TN - Aofzl

(dry weight)?] °F 75%% A&} (Kim et al, 2010a). ©]
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7 5o) vk BAHATH (Kim ef al., 2010b).
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HA LA methanolFE2 =2 % dlE FF S Taga &
(1984)1 23 E3¥ Folin-ciocalteaud™H-S AMESITH A5
0.1 mé, Folin-ciocalteu reagent 0.05mf = 20% sodium
carbonate 0.3 Ml & EFSIAT 158 & S/F 1k E ¥
A7k & UV-vis spectrophotometer (V-530, Jasco, Tokyo,
Japan)E ©]8-3ld 725 oA FEEE SHEN F HE
3138 Shke HFEEHE gallic acidE ARESH] 3L =+
A8t o dE8te] GAE (gallic acid equivalents)= FeER
At

al
HAA] A A7 27 Table 19 VeI, 24zte) Z T xo)= SHES Moreno 5 (2000)2] g WY

Table 1. Extraction yields, total phenolic and total flavonolic content of Jerusalem artichoke (Helianthus tuberosus) methanol extracts by
heat treatment conditions.

Heat treated condition Extraction yield Total phenol content Total flavonoid content

Temperature (C) Time (min) (%)Y (mg GAE/g)? (mg QE/g)?
No treatment 17 2.05*0.57 3.30+0.19
10 19.32° 2.42+1.97° 3.44+0.21%
30 19.887 3.01+1.07° 3.49+0.18°
50 60 15.27° 3.57+2.52° 3.81+0.73
90 18.39° 2.87+2.66° 3.17+0.48°
120 18.712 3.07+3.61° 3.44+0.52°
10 19.67° 2.46+1.35° 4.30%0.63®
30 24.07° 452+1.16° 4.51+0.36°
100 60 19.07> 4.76+3.23° 3.78+0.55%¢
90 17.63° 4.09+0.99% 3.52+0.40"
120 19.52b¢ 2.77+1.34° 3.27+0.33°
10 19.79% 1.82+0.81° 3.42+0.43°
30 19.26¢ 3.50+1.36¢ 3.66+0.52°
150 60 21.48° 6.87+0.58° 3.74+0.10"
90 26.53° 14.51+2.13° 5.54+0.28°
120 24.71° 11.02+0.62° 4.33+0.27°
10 16.21°¢ 2.54+1.12¢ 413+0.17¢
30 17.71¢ 4.41+1.19¢ 3.84+0.13¢
180 60 23.67% 18.44+0.77¢ 5.92+0.37°
90 30.91? 40.01+0.93° 10.96+0.21"
120 21.16" 51.52+2.17° 13.39+0.03?
200 10 21.41° 7.73%2.69° 3.73+x0.17°
30 29.65° 21.51%3.78° 7.08+0.41°

" Extraction yield (%) : weight of dry soluble solid (g)/ weight of sample (g) x 100. ? Total phenol content analysed as gallic acid equivalent (GAF)
R?/g of extract, values are the mean=standard derivation of triplicates. * Total flavonoid content analysed as equivalent (QE) mg/g of extract, values
are the mean=standard derivation of triplicates. "Each value represents the mean=SD, and means significantly different by paired Duncan’s at
p < 0.05.
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sl 2489 1 mgml E%2] methanol & 0.5 md ]
10% aluminum nitrate 0.1 mé, 1 M potassium acetate 0.1
ml 223 80% ethanol 4.3 ml & X2 7lsle] sty A
oA 4027F PSR The: 415 oA SRS 2789
At Querceting FF=A® o)gsle] AP AT v

QE (quercetin equivalents)Z YERJATH.

3. TAIB0IS (Electron donating ability, EDA)

H A 22} methanol FEES] FAAFF2 Blois (1958)9]
HHH-S Mg slo] =3I} Methanol 4 méol] FEHE AR
Z 7}t & 0.15mM 1,1-diphenyl-2-picrylhydrazyl (DPPH)
w2 EHale] Ao 3087F PRl v UV-vis

i

Ju—

spectrophotometer® 517 nmol|A] S3 =5 =439l Sample

HRE. O

HA7Frel BH7FRY] EHE xpolE WMES (%)E FAISH
AAFAsE SR ofefje} o] ALtsldrt.
EDA (%) = (1 — ABSgmple/ ABSonrot) * 100

ABSgmpie: Absorbance of the experimental sample
ABS, o1 - Absorbance of the control

4, 2= ZF (Reducing power)

Reducing powers= Oyaizu (1986)<] HE sl =
sttt HA A methanol FEES 2 g3 3o
02M sodium phosphate buffer (pH 6.6) 500 4, 1%
potassium fefficyanide 500 14 S ZFz E3tsle] 50C 208
o ¥H3-A)IZ1 3. 10% trichloroacetic acid 2.5 md & 71515
ok 9] whgalS 650 pmollA 1027F 94 Ejste] e
500 109 ZFF< 500 120, 1% ferric chloride 100 14 & 715}
o o] F4% ZHE 700 nm oA =43}

O
PR

R = |

o 1-=
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e gl
5. a-Glucosidase Xoll &2}

7}7Fe] H A 7FA}F methanol 25 5043 02UM o-
glucosidase J.4x9 50 0, 200 mM potassium phosphate
buffer (pH 6.8) 50 1« 9} EF3te] 37C 1587 midst ¥ 3
mM pNPG (p-nitrophenyl o-p-glucopyranoside) 100 /£ E 7}
sled 37C 1087+ WEEAIZ TR 0.1 M sodium carbonate 750
2 T8-S FAATIAL 405 o ollM FEL=E S SISITh
Sample T 7= negative control2, 7|2 FE7= blank
=, acarbose= positive controlZ AT} a-Glucosidase
AL ook 7o) ALtsiirt.
Inhibition rate (%)= {ABScontrol — (ABSsumpie = ABSpiank) /

ABSconrol} % 100

ABSgpe : Absorbance of the experimental sample
ABSynk : Absorbance of the blank
ABS onirol - Absorbance of the control

=1
=
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a-glucosidase Xl St
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AR A= Hergh + BFUAF (mean + SD)E VERI S, 7}
AR BAAEE 33] whEAR] st A2 #A4F
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& FE5 VERleH, 180T, 908 FE22A04 3091%E
7F =A VeI (Table 1), FIA72AF methanol FE&E2]
i 2 ZFEol= S Table 19 VERIRITE 50
4 100Ce] =27 e 607 A7 He ¥ S
o|E o] FUIsIReH, 1 $Ee Hhdsle AEE B
3, 150C ZAME 908 A7kA] Z7kslg o) 1208 =]
YA ZAasle 43S Bk 3 180T =AM g
AlZke] FTtel A dlE 9 EEfR ol o] Tlele
A B o, 200C Aol 180Tl vlsle] 773
2AaEE A4S At F s g9 180T, 1204 A7
TolA] 51.52+2.17mg GAE/g.E 7PF =& shaks el
Rom, 50 W 100CAA 2 FHFRTE 180~200ToHA T =4
LRt ol e Asf= 50 2 100CY] AL Az 240l
A g digk IS RoF= ¥bdE (Kim e al,
2009a), 180~200Ce] -2 A2 27N e EE¥= 3
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(Ryu et al., 1997; Hong et al, 1998). & EdfH=o]= 3
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ZTollA 13394003 mg QE/go2 7H =2 gHe yEhd
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o] SFHlA 71 2% % AZk] TUHEE wlisA slet
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Table 2. Changes of electron donation ability of Jerusalem artichoke (Helianthus tuberosus) methanol extracts by heat treatment conditions

(p < 0.05).
Heat treated condition EDA (%)"
Temperature (C) Time (min) 50 ug/ml 100 wg/ml 200 pg/ml
No treatment 22.46+3.92 A4 A7 +2 .47 86.20+1.83*
10 19.07 +2.46 39.63+1.62° 79.83+1.41°
30 16.91+1.72% 38.59%0.69° 80.46+2.79°
50 60 14.34+0.50" 34.52+0.78" 73.64+1.14b
90 14.49+2.90P 35.21+1.52° 72.25+1.66"
120 14.81%2.97° 34.78+1.06" 73.21+3.06"
10 16.43+1.87° 34.82+1.92° 75.96+1.67%
30 15.08+2.95 34.08+2.41° 73.10+2.60°
100 60 16.16+1.68 36.24+1.35% 75.66+1.31%
90 17.13+1.312 35.52+2.48% 76.57+1.98%
120 18.41+1.37 38.13+0.96 76.81+1.18
10 20.24+2.30% 37.64%2.30° 73.58+3.71°
30 19.16+2.01° 38.50+3.07% 78.90%2.15
150 60 21.82+0.09* 44.97+5.30° 82.25+1.18°
90 22.85+2.70° 44.14+2.81% 78.27+1.87°
120 22.05+1.74% 45.14%3.14° 78.42+1.24
10 21.50+3.18° 43.32+2.75° 84.61=1.09°
30 26.48+3.54° 49.16%3.67¢ 86.61=1.10"
180 60 34.93+1.44° 60.57+4.62" 90.89+0.67°
90 47.66%2.68" 77.94+0.50% 90.79+0.32°
120 61.01=1.522 88.41+0.69° 90.36=0.57°
200 10 21.91+2.48° 42.67+3.60° 82.20+1.01°
30 28.09+1.93? 53.03+1.54 84.29+1.447
BHT 58.05+2.29 79.59+2.84 93.61=0.51

VEDA (%) =

(1 — ABSgample / ABScontrol) ¥ 100, ABSgmpie: Absorbance of the experimental sample

ABScontol: Absorbance of the control. "Each value represents the mean=SD, and means significantly different by paired Duncan’s at p < 0.05.
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Table 3. Reducing power activity of Jerusalem artichoke (Helianthus tuberosus) methanol extracts by heat treatment conditions.

Heat treated condition

Reducing power

Temperature (C) Time (min) 50 L 100 L 150
No treatment 0.26x0.01 0.43+0.03 0.58%+0.02
10 0.26*0.0T" 0.43+0.037 0.62+0.017
30 0.28+0.00° 0.44+0.03? 0.63+0.02?
50 60 0.25+0.01° 0.41+0.02? 0.57+0.02°
90 0.26+0.01% 0.40+0.02? 0.55+0.02"
120 0.25+0.01% 0.40+0.02° 0.58+0.01"
10 0.27+.0.00" 0.43%0.03° 0.55+0.047
30 0.26+0.01° 0.41+0.03? 0.55+0.02°
100 60 0.28+0.012 0.44+0.04? 0.59+0.03?
90 0.27+0.01% 0.42+0.01? 0.51+0.09"
120 0.28+0.01? 0.41+0.02? 0.58+0.03°
10 0.26=0.071° 0.43+0.047 0.55%0.06"
30 0.28+0.01¢ 0.43+0.01? 0.60+0.03%
150 60 0.31+0.01° 0.46+0.05° 0.61+0.04%
90 0.34+0.022 0.46+0.05° 0.66+0.05°
120 0.35+0.012 0.44+0.02? 0.67+0.04?
10 0.27+0.01¢ 0.42+0.01¢ 0.56=0.06"
30 0.30+0.01¢ 0.42=+0.02¢ 0.57+0.09"
180 60 0.44+0.01° 0.59+0.01¢ 0.72+0.14°
90 0.63+0.03" 0.86+0.08" 1.06+0.092
120 0.69+0.05° 0.86+0.08? 1.14%0.042
200 10 0.32+0.01° 0.46=0.03" 0.66+0.047
30 0.44+0.012 0.60+0.012 0.75+0.10°
BHT 1.42+0.20 1.44+0.08 2.00+0.17

“Each value represents the mean=SD, and means significantly different by paired Duncan’s at p < 0.05.

Table 4. o-Clucosidase inhibitory effect of Jerusalem artichoke (Helianthus tuberosus) methanol extracts by heat treatment conditions (p < 0.05).

Heat treated condition Inhibition (%)"
Temperature (C) Time (min) 50 ug/ml 500 ug/ml
No treatment 6.04+1.85 18.46+5.24
10 543=1.51° 18.07£0.50"
30 6.22+1.042 18.77+3.76™
50 60 7.20+0.812 20.60+0.40%
90 9.01+3.52% 17.78+0.39"
120 8.52+1.50° 22.00+2.182
10 6.27 £1.23° 14.76=4.05°
30 6.58+1.80% 17.55+0.80%
100 60 7.37%2.03? 20.55+2.83%
90 9.08+3.412 23.68+0.78°
120 8.08+3.23% 21.00+4.25%
10 6.89+3.33% 18.19+2.74Y
30 7.43+4.27° 20.64+5.42°
150 60 7.50=1.742 23.02+5.80°
90 12.71+2.372 37.91+2.35
120 11.02+3.40° 41.67+1.83°
10 6.02+1.34% 13.74+3.79¢
30 10.58+1.06¢ 15.72+1.26¢
180 60 13.91+3.78¢ 53.75+2.11¢
90 36.16+1.98" 82.37+1.25
120 58.03+1.61% 92.14+1.142
200 10 10.83=2.43° 23.74+1.96°
30 14.97+0.94% 62.87+3.40P
Acarbose 98.05+0.60 101.09+0.30

Dnhibition rate (%) = { ABSconuol — (ABSgmple = ABSpjank) / ABScontrol} ¥ 100, ABSgmpie: Absorbance of the experimental sample, ABSpnk:
Absorbance of the blank, ABS.noi: Absorbance of the control. "Each value represents the mean=SD, and means significantly different by paired
Duncan’s at p < 0.05.
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